(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 1 266 908 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

18.12.2002 Bulletin 2002/51 

(21) Application number 01912500.4 

(22) Date of filing: 19.03.2001 



(51) lntCl7: C08F2/18 

(86) International application number: 
PCT/JP01/02182 

(87) International publication number: 

WO 01/070826 (27.09.2001 Gazette 2001/39) 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE TR 

(30) Priority: 21.03.2000 JP 2000078423 

(71) Applicant: Sekisui Plastics Co., Ltd. 
Osaka-shi, Osaka 530-0047 (JP) 



(72) Inventor: SAKUMA, Itaru 

Gamo-cho, Gamo-gun, Shiga 529-1551 (JP) 

(74) Representative: HOFFMANN - EITLE 
Patent- und Rechtsan watte 
Arabellastrasse 4 
81925 MDnchen (DE) 



(54) RESIN PARTICLE AND PROCESS FOR PRODUCING THE SAME 



(57) Subjects of the present invention are to provide 
resin particles having high ability and suitable for various 
purposes and to provide preparation method thereof. 

This invention provides resin particles each of 
which is formed by two curved surfaces or by one curved 
surface and one plane surface, has a boundary line be- 
tween these two surfaces and satisfies the relation- 
ships: 



0.05^d/D^0.8 



(M) 



wherein D is particle diameter in horizontal direction and 
d is the maximum height in longitudinal direction in a 
side view in which the boundary line is placed in hori- 
zontal direction. 



0.1 ^m^D^500^im 



(0 



Fig. 1 
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Description 

Technical field 

[0001] This invention relates to resin particles having 
specific shapes and suitable for use in the field of elec- 
tronic industry such as LCD spacer, surface modifier for 
silver salt film, film modifier for magnetic tape, running 
stabilizer for heat-sensitive paper, etc.; field of rheology 
controlling agent, ink and adhesive; medical field such 
as particle for detecting antigen-antibody reaction, etc.; 
field of cosmetics such lubricant, etc.; or field of other 
general industries such as low shrinking agent, paper, 
dental material, modifier of resin, etc., and to prepara- 
tion method thereof. 

Technical background 

[0002] Various kinds of resin particles are used for 
various purposes, for example, for improving mechani- 
cal properties of plastics, for improving cleaning proper- 
ties without changing the chargeability of developing 
agent, for improving flatting or opacifying effect of paint, 
for improving slip properties of cosmetics, and the like. 
[0003] Since these resin particles are prepared by 
grinding method, emulsion polymerization method, sus- 
pension polymerization method, seed polymerization 
method, dispersion polymerization method, or the like, 
only indeterminate resin particles or spherical resin par- 
ticles are usually obtained, and these resin particles are 
not sufficiently enough for a use in which further function 
is required. 

[0004] For instance, flat resin particles obtained by 
emulsion polymerization method and having concavity 
are disclosed in Japanese Patent Kokai No. Hei 2 
(1990)-14222. However, since the resin particles are 
prepared by emulsion polymerization method, it is diffi- 
cult to obtain flat particles having size of 1um or more. 
Further, non-spherical hollow resin particles obtained by 
suspension polymerization method are disclosed in 
Japanese Patent Kokai No. Hei 3(t991)-234734, and 
wooden-bowl shaped fine particles obtained by suspen- 
sion polymerization method and their preparation meth- 
od are disclosed in Japanese Patent Kokai No. Hei 5 
(1993)-317688 and U.S. Patent No. 5,559,202. And fur- 
ther, wooden- bowl shaped polymer particles obtained 
by co-polymerization of a monomer containing acid 
group and a monomer which can be co-polymerized 
with it and their preparation method are disclosed in 
W098/34969 derived from Japanese Patent Kokai No. 
Hei 10(1998)- 218950 and Japanese Patent Kokai No. 
Hei 1 0(1 998)-21 7608. 

[0005] Since these resin particles are hollow and do 
not have so remarkable characteristics in their shapes 
in comparison with spherical particles, they emit strong 
scattering light, and only particles of limited resin com- 
position can be obtained. Therefore, these resin parti- 
cles are not enough for exhibiting various functions re- 



quired. 

[0006] On the other hand, plate-like particles and 
disk-like particles and their preparation method are dis- 
closed in Japanese Patent Kokai No. Sho 63(1988)- 

5 117040 and Japanese Patent Kokai No. Hei 7(1995)- 
157672. Although these particles have novel shapes as 
resin particles, the shape is plate-like and accordingly 
those particles do not have remarkable characteristics 
in comparison with known plate-like inorganic com- 

10 pounds such as talc, mica, etc. And since they are pre- 
pared by specific method, it is difficult to produce and 
use them in an industrial level. 

[0007] Hence, development of resin particles having 
high level of functions required in each field of applica- 

15 tion and suitable for various purposes has been desired. 
[0008] The present invention was made for meeting 
such desire, and its subject is to provide resin particles 
having high level of functions and novel shapes suitable 
for various purposes and to provide preparation meth- 

20 ods thereof. 

Disclosure of invention 

[0009] The inventors studied intensively to solve the 

25 problems as mentioned in the above and found that res- 
in particles having novel shapes formed by two curved 
surfaces or by one curved surface and one plane sur- 
face, between which there is a boundary line, can be 
obtained by mixing a polymeric vinyl monomer and a 

30 hydrophobic liquid compound, which has a specific vis- 
cosity and does not co-polymerize with the polymeriza- 
ble vinyl monomer in a specified ratio and then subject- 
ing the mixture to suspension polymerization in the ab- 
sence of any crosslinking agent. The inventors further 

35 found that number of particles per unit weight of the resin 
particles thus obtained is larger than those of resin par- 
ticles having a shape of hemisphere, rugby ball, wooden 
bowl, go stone as reported in the past, and accordingly 
the resin particles of the present invention can suff icient- 

40 |y exhibit various effects with smaller amount of content 
than those of the above known resin particles when they 
are added to a product for external use. 
[0010] Thus, according to the present invention, resin 
particles each of which is formed by two curved surfaces 

45 or one curved surface and one plane surface and a 
boundary line between these surfaces, and satisfies the 
following numerical relationships: 

5Q 0.1u.m^D^500^m (I) 

0.05^d/D^0.8 (II) 

55 wherein D is a particle diameter in horizontal direction 
and d is the maximum height in longitudinal direction 
when the boundary line is placed in horizontal direction. 
[0011] Further, according to the present invention, a 
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method for preparing the resin particles is provided, 
which is characterized by mixing 1 00 parts by weight of 
a polymerizable vinyl monomer and 5-200 parts by 
weight of a hydrophobic liquid compound which has vis- 
cosity of 10-1000000 cSt and does not co-polymerize 
with the polymerizable vinyl monomer and then subject- 
ing the mixture to suspension polymerization in the ab- 
sence of any crosslinking agent. 

[0012] And further, according to the present invention, 
a method for preparing the resin particles is also provid- 
ed, which is characterized by mixing 1 00 parts by weight 
of a polymerizable vinyl monomer and 41-2000 parts by 
weight of a fluorinated liquid compound which has vis- 
cosity of 0.1 -9 cSt at 25°C and does not co-polymerize 
with the polymerizable vinyl monomer and subjecting 
the mixture to suspension polymerization in the absence 
of any crosslinking agent. 

Brief Explanation of Drawings 

[00131 

Figure 1 is a typical drawing of the resin particle ob- 
tained by the present invention and classified in 
Type A. 

Figure 2 is a typical drawing of the resin particle ob- 
tained by the present invention and classified in 
Type B. 

Figure 3 is a typical drawing of the resin particle ob- 
tained by the present invention and classified in 
Type C. 

Figure 4 is an electron micrograph of the resin par- 
ticles obtained in Example 1 . 
Figure 5 is an electron micrograph of the resin par- 
ticles obtained in Example 2. 
Figure 6 is an electron micrograph of the resin par- 
ticles obtained in Example 5. 

Figure 7 is an electron micrograph of the resin par- 
ticles obtained in Example B. 
Figure 8 is an electron micrograph of the resin par- 
ticles obtained in Example 21 . 
Figure 9 is an electron micrograph of the resin par- 
ticles obtained in Example 25. 
Figure 1 0 is an electron micrograph of the resin par- 
ticles obtained in Example 26. 
Figure 11 is an electron micrograph of the resin par- 
ticles obtained in Example 27. 

Detailed Description of Invention 

[001 4] The resin particles of the present invention are 
each formed by two curved surfaces or one curved sur- 
face and one plane surface and has a boundary line be- 
tween these surfaces. 

[0015] The curved surface and plane surface mean 55 
normally the uniform surface with no break, cavity or the 
like. However, there may be a part of lack of uniformity 
such as slight break, cavity or the like on the surface as 



far as the effect of the present invention can be recog- 
nized. 

[0016] The boundary line means the one which can 
be recognized when a resin particle is observed by an 
5 electron micrograph or the like, and width of the bound- 
ary line is normally about 1/10 or less of the maximum 
height of the particle. Hence, the boundary line includes 
the one which is partially or wholly rounded and can not 
be clearly recognized and the one which is not consec- 
10 utive as a whole by a partial break as far as the effect 
of the present invention can be achieved. 
[0017] When the boundary line between the two sur- 
faces forming the resin particle of the present invention 
is placed in horizontal direction, the plane figure of the 
15 particle becomes a round or almost round shape. 

[001 8] Particularly, the shapes of the resin particles of 
the present invention are generally classified in the fol- 
lowing three types according to the shapes of the two 
surfaces located on both sides of the boundary line. 
20 [0019] That is, when the boundary line is placed in 
horizontal direction and a resin particle is viewed from 
a side, the resin particles of the present invention are 
classified in the following three types, namely, a type 
where convexly curved surface appears upward of the 
25 boundary line and another convexly curved surface ap- 
pears downward of the boundary line (hereinafter re- 
ferred to as Type A M : see Figure 1); a type where one 
plane surface overlaps with the boundary line and one 
convexly curved surface appears upward or downward 
30 of the boundary line (hereinafter referred to as 'Type B° : 
see Figure 2); and a type where both of one convexly 
curved surface and one concavely curved surface ap- 
pear in the same side of the boundary line, for example, 
downward of the boundary line (hereinafter referred to 
35 as "Type C": see Figure 3). 

[0020] More particularly, preferable resin particles of 
the present invention satisfy the following numerical re- 
lationships: 



40 



45 



0.1jim^D^500u,m 



0.05^ d/D^ 0.8 



(") 



wherein D is a particle diameter in horizontal direction 
and d is the maximum height in longitudinal direction 
when the boundary line is placed in horizontal direction. 
[0021] Further, from the viewpoints of excellent slip 
50 properties, light scattering properties, light condensing 
properties, etc., preferable resin particles of the present 
invention satisfy the following numerical relationship: 



0.4^d/D^0.8 



(II*) 



and more preferable particles satisfy the following nu- 
merical relationship: 
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0.5^d/D^0.6 



on 



0.7^a/b^1.0 



(VI") 



[0022] Meanwhile, from the viewpoint of excellent ad- 
herability and sticking properties, preferable resin parti- 
cles of the present invention satisfy the following numer- 
ical relationship: 



0.05^d/D<0.4 



and more preferable resin particles satisfy the following 
numerical relationship: 



10 



[0026] Among the resin particles which satisfy the 
above relationships, resin particles of Type A and Type 
B are particularly preferable since these particles have 
balanced properties between the spherical particles and 
the plate-like particles. 

[0027] More particularly, in order to exhibit the adher- 
ability and sticking properties in addition to the proper- 
ties of the spherical particles, more preferable resin par- 
ticles of the present invention satisfy the following rela- 
tionships; 



0.1 ^d/D^0.3 



(II"") 



15 



0.3=id/D^0.8 



(III) 



[0023] It is possible to easily control the properties of 
the resin particles of the present invention so that the 
resin particles have properties of spherical resin parti- 
cles or properties of plate-like resin particles by control- 
ling the distances a and b, wherein a and b are the long- 
est distances from the boundary line to each surface in 
the side view when the boundary line is placed in hori- 
zontal direction, provided that 0<a^b in Type A, a=0 and 
a<b in Type B and 0<a<b in Type C. 
[0024] Particularly, from the viewpoint of excellent ad- 
herability and sticking properties, preferable resin parti- 
cles of the present invention satisfy the relationship: 



0^a/b<0.3 



(IV° 



More preferable resin particles satisfy the relationship: 



0^a/b<0.2 



(IV) 



20 



25 



30 



35 



0<a/b<0.3 



(IV) 



[0028] For the above purpose, further preferable resin 
particles satisfy the following relationships: 



0.4^d/D^0.6 



0<a/b<0.2 



(Ml 1 ) 



(IV) 



[0029] Further, the most preferable particles satisfy 
the relationships: 



0.4^d/D^0.6 



a/b=0 



(111') 
(IV) 



and the most preferable resin particles satisfy the rela- 
tionship: 



a/b=0 



(IV) 



[0025] Meanwhile, from the viewpoint of excellent slip 
properties, preferable resin particle of the present inven- 
tion satisfy the relationships; 



45 



[0030] Preferable resin particles of the present inven- 
tion which have characteristics of the spherical particles, 
more excellent optical properties, suitable adherability 
and sticking properties as well as larger specific surface 
area are formed with two convexly curved surfaces and 
satisfy the following relationships: 



0.1^d/D^0.8 



(V) 



0.3^a/b^1.0 (VI) 5Q 

more preferable resin particles satisfy the relationship: 
0.5=ia/b=i1.0 (VI 1 ) 



and the most preferable resin particles satisfy the rela- 
tionship: 



55 



0.3^a/b^1 .0 



(VI) 



[0031] For the above purpose, further more prefera- 
ble resin particles satisfy the following relationships: 



0.2^d/D^0.5 



(V) 
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0.4^a7b^1.0 (VI'") 

[0032] Resin particles which do not satisfy any of the 
relationships (I) and (II), (III) and (IV) or (III) and (IV) or a 
(V) and (VI) are not preferable, because such particles 
show properties similar to those of either spherical par- 
ticles or plate-like particles and the object of present in- 
vention can not be achieved by those particles. 
[0033] Resin particles which do not have any void in *< 
each particle are preferable from the viewpoint of the 
optical properties such as light scattering properties, 
light condensing properties, etc. produced by the shape 
of the resin particles of the present invention. 
[0034] Each value of D, a : b and d were determined u 
by observing through electron microscope or optical mi- 
croscope or by a similar method thereto, or by measur- 
ing or calculating by means of printed image analysis , 
and their average values mean the number average val- 
( ues. 2C 

[0035] Preferable examples of the resin constituting 
the resin particles of the present invention are thermo- 
setting resins such as phenol resin, furan resin, xylene- 
formaldehyde resin, ketone-formaldehyde resin, urea 
resin, melamine resin, aniline resin, alkyd resin, unsatu- 25 
rated polyester resin, epoxy resin, etc.; thermoplastic 
resins such as polyethylene, polypropylene, styrene- 
type resin, vinyl ester-type resin, acryl-type resin, meth- 
acryl- type resin, polyvinyl chloride, polyvinylidene chlo- 
ride, fluoro resin, polyvinyl ether, polyvinyl ketone, pol- 30 
yether, polycarbonate, thermoplastic polyester, polya- 
mide, diene-type resin, polyurethane-type resin, aro- 
matic polyamlde, polyphenylene, polyxylene, polyphe- 
nylene oxide : polysulphone, silicone resin, etc.; natural 
resins such as natural gum resin, cellulose-type resin, 55 
protein-type resin etc. : and the like. 
[0036] Among these resins, acryl-type resin, methacr- 
yl-type resin, styrene-type resin, vinyl ester-type resin 
and co-polymer thereof are preferable. 
[0037] The resin particles of the present invention can *o 
be obtained, for example, by suspension polymeriza- 
tion, particularly by mixing 100 parts by weight of a po- 
lymerizable vinyl monomer (hereinafter referred to as 
"vinyl monomer") and a hydrophobic liquid compound 
which has viscosity of 10-1,000,000 cSt at 25°C and 
does not co-polymerize with the vinyl monomer (here- 
inafter referred to as "liquid compound"), and then sub- 
jecting the mixture to suspension polymerization. 
[0036] According to this method, specific manufactur- 
ing apparatus is not needed, and the particles of widely so 
various kintls of resins can be easily manufactured with 
low cost, and further the shapes of the particles can be 
easily controlled. 

[0039] The vinyl monomer used in the method of the 
present invention may be the one which can be dis- 55 
solved in the liquid compound mentioned below but 
does not react with the liquid compound in the polymer- 
ization reaction or crosslinking reaction. Examples of 



such vinyl monomers may be, for example, styrene type 
monomers such as styrene, p-methylstyrene, p-tert-bu- 
tylstyrene, etc.; acrylic acid ester monomers such as 
methyl acrylate, ethyl acrylate, propyl acrylate, butyl acr- 
ylate, 2-ethylhexyl acrylate, lauryl acrylate, etc.; meth- 
acrylic acid ester monomers such as methyl methacr- 
ylate, ethyl methacrylate, propyl methacrylate, butyl 
methacrylate, iso-butyl methacrylate, tert-butyl meth- 
acrylate, benzyl methacrylate, phenyl methacrylate, iso- 
bornyl methacrylate, cyclohexyl methacrylate, glycidyl 
methacrylate, hydrofurfuryl methacrylate, lauryl meth- 
acrylate, etc.; mono-functional hydrophobic vinyl mon- 
omers having a vinyl group in a molecule such as alkyl 
vinyl ether monomers (e.g. polyethyleneglycol mono 
(metha) acrylate, methyl vinyl ether, etc. ), vinyl ester 
monomers (e.g. vinyl acetate, vinyl bury rate, vinyl 
ph/alate, vinyl benzoate, vinyl neodecanoate, etc.), N- 
alkyl-substituted acrylamide monomers (e.g. N-methyl 
acrylamide, N-ethylacrylamide, etc), nitrile monomers 
such as aery lo nitrile, (metha)acrylonitrile etc.), or these 
monomers substituted with halogen (e.g. fluorine, bro- 
mine, chlorine), or the like. The vinyl monomer may be 
selected from the above according to the object, and can 
be used alone or in combination of two or more kinds of 
the monomers. 

[0040] The liquid compound used in the method of the 
present invention may be the one which has viscosity of 
1 0-1 ,000,000 cSt at 25°C and does not have co-polym- 
erizability with a vinyl monomer, among which prefera- 
ble one does not have crosslinking reactivity with a func- 
tional group existing in the vinyl monomer, and further 
preferable one is not deteriorated by water. 
[0041] Examples of such liquid compounds may be 
polysiloxane such as dimethyl polysiloxane, methyl hy- 
drogen polysiloxane, methyl phenyl polysiloxane etc.; 
hydrocarbon such as liquid paraffin, polybutene, 
polyisobutylene, etc. or the like. Particularly, hydrocar- 
bons such as paraffin hydrocarbons, olefin hydrocar- 
bons, alicyclic hydrocarbons, etc., liquid polymers of hy- 
drocarbons, such as liquid polypropylene, liquid poly- 
butene, liquid polyisobutylene, etc. or liquid polysi- 
loxanes having siloxane bond may be exemplified. 
Among the above, preferable ones are normal paraffin, 
iso-paraffin, monocyclic cycloparaff in, dicyclic cyclopar- 
affin, liquid polypropylene, liquid polybutene, liquid 
polyisobutylene having viscosity of 50-1 00,000 cSt at25 
°C and organopolysiloxane having viscosity of 
20-1,000,000 cSt at 25°C. Among the above, further 
preferable ones are liquid paraffin, hydrogenated poly- 
butene, hydrogenated polyisobutylene having viscosity 
of 50-100,000 cSt at 25°C, and dimethyl polysiloxane, 
diphenyl polysiloxane, methyl phenyl polysiloxane, me- 
thyl hydrogen polysiloxane having viscosity of 
20-1 ,000,000 cSt at25°C. These liquid compounds may 
be used alone or in combination of two or more kinds 
thereof. 

[0042] The resin particles of the present invention can 
be prepared by mixing and dissolving 100 parts by 
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weight of the vinyl monomer and 5-200 parts by weight 
of the liquid compound and then subjecting the mixture 
to suspension polymerization reaction. 
[0043] In the process of this invention, a polymeriza- 
tion initiator can be used in the suspension polymeriza- 
tion. As the polymerization initiator, a lipophilic peroxide 
or an azo-type initiator which is usually used in the sus- 
pension polymerization can be used. Particularly, per- 
oxide-type polymerization initiator such as benzoyl per- 
oxide, lauroyl peroxide, octanoyl peroxide, orthochlo- 
robenzoyl peroxide, orthomethoxybenzoyl peroxide, 
methyl ethyl ketone peroxide, diisopropyl peroxy dicar- 
bonte, cumen hydroperoxide, cyclohexanone peroxide, 
tert-butyi hydroperoxide, diispropylbenzene hydroper- 
oxide, etc., 2,2 , -azobisisobutyronitrile, 2,2'-azobis 
(2,4-dimethylvaleronitrile), 2 1 2 , -azobis(2,3-dimethylbu- 
tyronitrile), 2,2'-azobis(2-methylbutyronitrile), 2,2'-azo- 
bis(2,3,3-trimethylbutyro-nitrile), 2,2'-azobis (2-isopro- 
pylbutyronitrile), 1 ^'-azobisfcyclohexane-l-carboni- 
trile), 2,2 , -azobis(4-methoxy-2,4-dimethlvaIeronitrile), 
2-(carbamoylazo) isobutyronitriie, 4,4'-azobis(4-cyano- 
valeric acid), dimethyl-2,2'-azobisisobutyrate, and the 
like may be exemplified. Among these polymerization 
initiators, benzoyl peroxide, lauroyl peroxide, 2,2*-azo- 
bisisobutyronitrile, 2,2'-azobis(2,4-dimethylvaleroni- 
trile) and the like are preferable, since they have half life 
suitable for the suspension polymerization of the 
present invention. 

[0044] About 0.01 -20 parts by weight, more prefera- 
bly 0. 1 -1 0 parts by weight of the polymerization initiator 
is added to 100 parts by weight of the vinyl monomer. 
[0045] In the suspension polymerization of the meth- 
od of this invention, it is preferable for stabilizing the sus- 
pended particles to use 1 00-1 ,000 parts by weight of wa- 
ter as a dispersion medium to 100 parts by weight of a 
mixture of the vinyl monomer and the liquid compound 
(hereinafter referred to as "monomer composition"), and 
to add a dispersion stabilizer to the dispersion medium. 
[0046] As the dispersion stabilizer, water soluble or- 
ganic high-molecular compounds and water slight-sol- 
uble inorganic compounds such as phosphate(e.g. cal- 
cium phosphate, magnesium phosphate, aluminium 
phosphate, zinc phosphate, etc., pyrophosphate (e.g. 
calcium pyrophosphate, magnesium pyrophosphate, 
aluminium pyrophosphate, zinc pyrophosphate, etc., 
calcium carbonate, magnesium carbonate, calcium hy- 
droxide, magnesium hydroxide, aluminium hydroxide, 
calcium metasilicate, calcium sulfate, barium sulfate, 
colloidal silica, and the like maybe exemplified. Among 
the above, calcium tertialy phosphate, colloidal silica as 
well as magnesium pyrophosphate and calcium pyro- 
phosphate obtained by double decomposition method 
are preferably used from the viewpoint that the resin par- 
ticles of this invention can be stably produced. 
[0047] These dispersion stabilizers may be used 
alone or in combination of two or more kinds thereof. 
The amount of the dispersion stabilizer is normally about 
0.5-20 parts by weight per 100 parts by weight of the 



monomer composition. However, the kind and amount 
of the stabilizer may be optionally selected by taking ac- 
count of the particle diameter of the resin particles ob- 
tained and of the dispersion stability during the polym- 
5 erization. 

[0048] In the present invention, a surfactant such as 
anionic surfactant, cationic surfactant, ampho-ionic sur- 
factant or non-ionic surfactant may be used in addition 
to the above-mentioned dispersion stabilizer. 

10 [0049] As the anionic surfactant, fatty acid oil such as 
sodium oieate, castor oil potassium, etc., alkyl sulfuric 
acid ester salt such as sodium laurylsulfate : ammonium 
laurylsulfate, etc., alkylbenzene sulfonate such as sodi- 
um dodecyl benzenesulfonate, etc., alkyl naphthale- 

15 nesulfonate, alkanesulfonate, dialkyl sulfosuccinate, 
alkylphosphoric acid ester salt, naphthalenesulfonic ac- 
id-fonmalin condensed product, polyoxyethylenealkyl 
phenyl ether sulfuric acid ester salt, polyoxyethylene- 
alkyl sulfuric acid ester salt, and the like may be exem- 

20 plified. 

[0050] As the cationic surfactant, alkylamine salt such 
as laurylamine acetate, stearylamine acetate, etc., 
quarternary ammonium salt such as lauryltrimethyl am- 
monium chloride, etc., and the like may be exemplified. 

25 [0051 ] As the ampho-ionic surfactant, lauryldimethyl- 
amine oxide and the like may be exemplified. 
[0052] As the non-ionic surfactant, polyoxyethylene- 
alkyl ether, polyoxyethylenealkyl phenyl ether, polyox- 
yethylene fatty acid ester, sorbrtane fatty acid ester, 

30 polyoxysorbitane fatty acid ester, oxyethylene-oxypro- 
pylene block polymer and the like may be exemplified. 
[0053] These surfactants may be used alone or in 
combination of two or more kinds thereof. The amount 
of the surfactant is normally about 0.001-0.2 parts by 

35 weight per 100 parts by weight of water. However, the 
kind and amount of the surfactant may be optionally se- 
lected by taking account of the particle diameter of the 
resin particles obtained and of the dispersion stability 
during the polymerization. 

40 [0054] The suspension polymerization of the inven- 
tion is carried out after dispersing the liquid drops of the 
monomer composition in a dispersion medium by add- 
ing the monomer composition directly into the disper- 
sion medium and then stirring the mixture by means of 

45 propeller, normal homomixer which is a dispersing ma- 
chine utilizing high shearing force generated by rotor 
and stator or ultrasonic dispersing machine. 
[0055] In order to make even the particle diameter of 
the resin particles obtained, it is preferable to use a high- 

50 pressure dispersing machine such as microfluidizer, na- 
nomizer, etc., in which high crash power among the liq- 
uid drops or against the vessel wall is utilized, or to in- 
troduce the vinyl monomer into the dispersion medium 
under pressure through a porous film of MPG (micro- 

55 porous glass). 

[0056] Then, the suspension polymerization is carried 
out by heating the dispersion medium in which the mon- 
omer composition is dispersed as the spherical liquid 
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drops. 

[0057] During the polymerization, it is preferable to 
stir the medium slowly so that the floating of the mono- 
mer drops and the precipitation of the produced resin 
particles are prevented. 

[0058] The reaction temperature of the suspension 
polymerization is preferably 30-1 00°C, more preferably 
40-80°C. The reaction time is usually about 0.1-10 
hours. 

[0059] After completion of the polymerization reac- 
tion, the dispersion stabilizer is decomposed by hydro- 
chloric acid or the like, if necessary, and then the resin 
particles are separated from the dispersion medium by 
means of suction filtration, centrifugation : centrifugal fil- 
tration, or the like. Thus obtained cake of the resin par- 
ticles containing water is further washed with water and 
then dried to give the objective resin particles. 
[0060] In the case where thus obtained resin particles 
contain the liquid compound, it is preferable to remove 
the liquid compound from the particles. 
[0061] Concretely, the liquid compound can be re- 
moved by distilling the obtained mixture or by washing 
the mixture with a solvent in which the liquid compound 
is dissolved but the resin particles are not dissolved. 
[0062] When the liquid compound is liquid paraffin 
which can be removed by distillation, said liquid com- 
pound is preferably removed by subjecting the slurry af- 
ter the polymerization to distillation under heating, dis- 
tillation under reduced pressure or steam distillation, or 
by dispersing the resin particles, which are separated 
from the dispersion medium, in water and then subject- 
ing the resultant dispersion to distillation. 
[0063] When the liquid compound is polysiloxane or 
polybutene which can not be easily removed by distilla- 
tion, said liquid compound is preferably removed by 
washing with a proper solvent. In general, lower alcohol 
such as methanol, ethanol, iso-propanol, iso-butanol, 
etc., lower hydrocarbon such as pentane, hexane, hep- 
tane, octane, cyclohexane, etc., ether such as diethyl 
ether, dibutyl ether, etc. or the like is used as a washing 
solvent, though it depends on the kind of the liquid com- 
pound and the kind of the resin particles. 
[0064] Purified resin particles can be obtained by re- 
peating the above-mentioned operation, if necessary. 
[0065] Since any crosslinking agent is not used in the 
method of the present invention, the resultant resin par- 
ticles are not crosslinked. However, crosslinked parti- 
cles can be obtained by applying crosslinking operation 
to the resin particles after polymerization or after drying. 
[0066] For example, when the resin particles are ob- 
tained by co-polymerizing glycidyl methacrylate or the 
like, which is a monomer having a glycidyl group, as a 
vinyl monomer, crosslinking can be conducted by treat- 
ing the resultant resin particles with a diamine such as 
ethylenediamine, phenyldiamine or the like in an organic 
solvent. 

[0067] In general, diameter of the resin particle is 
0.1-500um, preferably 0.2-200um, while the diameter of 



the resin particles can be optionally controlled by mixing 
condition of the vinyl monomer and water, amount of the 
dispersion stabilizer, etc., stirring condition, or the like. 
[0068] The shape of the resultant resin particles are 

5 affected by the kinds and ratio of the vinyl monomer and 
the liquid compound, speed of the polymerization reac- 
tion and diameter of the resin particles. Particularly, the 
value of d/D is remarkably affected by the ratio of the 
liquid compound. 

10 [0069] For example, resin particles which satisfy the 
relationship: 



0.4 =g d/D =i 0.8 



15 



are liable to be obtained when the suspension polymer- 
ization is carried out by mixing 5-40 parts by weight, 
preferably 10-35 parts by weight of the liquid compound 
with 100 parts by weight of the vinyl monomer 
20 [0070] And, resin particles which satisfy the relation- 
ship: 



0.05=id/D<0.4 



25 



are liable to be obtained when the suspension polymer- 
ization is carried out by mixing 50-200 parts by weight, 
preferably 55-180 parts by weight of the liquid com- 
pound with 100 parts by weight of the vinyl monomer. 

30 [0071] Further, the resin particles of Type C are liable 
to be obtained when a vinyl monomer having a low spe- 
cific gravity such as styrene, vinyl pivalate or the like is 
used, where the specific gravity of the polymer becomes 
1 .1 or lower, and dimethylpolysiJoxane or liquid paraffin 

35 is used as a liquid compound, and 5-20 parts by weight 
of the latter is used for 1 00 parts by weight of the former. 
[0072] And further, the resin particles of Type A are 
liable to be obtained when the above-mentioned liquid 
compound is used in an amount of more than 20 parts 

40 by weight for 1 00 pats by weight of the vinyl monomer. 
[0073] Furthermore, the resin particles of Type B are 
liable to be obtained 

when a methacrylate monomer is used as a vinyl mon- 
omer, where the specific gravity of the polymer becomes 
45 higher than 1 . 1 , and 5-1 3 parts by weight of a liquid com- 
pound is used for 1 00 parts by weight of the vinyl mon- 
omer. 

[0074] And further, the resin particles of Type A are 
liable to be obtained when a liquid compound is used in 
so an amount of 13 parts by weight or more for 1 00 parts 
by weight of the vinyl monomer as mentioned in the 
above. 

[0075] Another method of the present invention may 
be carried out by suspension polymerization in the ab- 
55 sence of the crosslinking agent, 

wherein 41 -2,000 parts by weight of a hydrophobic fluor- 
inated liquid compound which has viscosity in a range 
of 0.1 to less than 9 cSt and does not co-polymerize with 
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a vinyl monomer (hereinafter referred to as "fluorinated 
Jiquid compound") is mixed with 100 parts by weight of 
the vinyl monomer. 

[0076] The vinyl monomer may be the one which ho- 
mogeneously dissolves the fluorinated liquid compound 
as mentioned below, but has not polymerization reactiv- 
ity or crosslinking reactivity with said liquid compound. 
Examples of such vinyl monomers may be the ones as 
mentioned before. 

[0077] The fluorinated liquid compound used in the 
method of this invention has notco-polymerizability with 
the vinyl monomer and has viscosity in a range from 0.1 
to less than 9 cSt. Preferable fluorinated liquid com- 
pound is the one which does not react with functional 
group(s) existing in the vinyl monomer to form a 
crosslink during the suspension polymerization, does 
not react with water as a medium for the suspension po- 
lymerization reaction, is not dissolved in water and is not 
deteriorated by water. 

[0078] Examples of such fluorinated liquid com- 
pounds may be organic compounds such as liquid hy- 
drocarbons, halogenated hydrocarbons, nitro hydrocar- 
bons, amines, alcohols, ethers, ketones, esters, acids 
and the like, in which a part or all of the hydrogen atoms 
is(are) substituted with fluorine atom(s). 
[0079] Among these organic compounds, fluorinated 
compounds having a boiling point at 25-200°C, particu- 
larly 50-1 50°C under 1 atmospheric pressure is prefer- 
able, because the resin particles can be produced with- 
out using any high-pressure polymerization apparatus 
or the like, and the fluorinated liquid compound can be 
easily removed after the polymerization reaction and ac- 
cordingly the residue of the fluorinated liquid compound 
in the resultant resin particles can be controlled in a very 
low level. 

[0080] Further, among the fluorinated liquid com- 
pounds, saturated hydrocarbons and ethers in which a 
part or all of the hydrogen atoms is(are) substituted with 
fluorine atom(s) are more preferable, because the resin 
particles having a desired shape can be easily obtained 
with respect to wide range of kinds of the resins. The 
ratio of fluorine contained is such fluorinated liquid com- 
pounds is about 30-90 % by weight, and preferably 
about 40-80 % by weight. 

[0081] The kinds of such fluorinated liquid com- 
pounds are not restricted, and perfluoropentane, per- 
fluorohexane, perfluoroheptane, perfluorooctane, hep- 
tafluorocyclopentane, methyl perfiuorobutyl ether, ethyl 
perfluorobutyl ether, propyl perfiuorobutyl ether, butyl 
perfiuorobutyl ether, and the like may be exemplified. 
[0082] These fluorinated liquid compounds are pref- 
erable, because they have low viscosity as well as ex- 
cellent operability and solubility in the vinyl monomer, 
and also washing of the apparatus after polymerization 
reaction can be easily carried out. 
[0083] The fluorinated compound can be used with a 
normal organic solvent which is not dissolved in water 
and not reactive with the vinyl monomer and the fluori- 



nated liquid compound, for example hydrocarbon sol- 
vent such as pentane, hexane, heptane, etc. or ether 
solvent such as diethyl ether, methyl ethyl ether, dibutyl 
ether, etc. 

5 [0084] Hydrous suspension polymerization in another 
method of this invention may be carried out in the same 
way as above and the same dispersion stabilizer as the 
above may be used. 

[0085] The reaction time is normally about 0.1 - 20 
io hours. In the case where boiling point of the fluorinated 
liquid compound or the vinyl monomer is close to the 
polymerization temperature or lower than the polymeri- 
zation temperature, it is preferable to carry out the po- 
lymerization in a closed apparatus or under pressure by 

15 using a pressure resistant polymerization apparatus for 
avoiding the volatilization or vaporization of the fluori- 
nated liquid compound and /or the vinyl monomer. 
[0086] The step for obtaining the resin particles after 
the polymerization reaction is carried out as mentioned 

20 in the above. 

[0087] The fluorinated liquid compound remaining in 
the resin particles can be easily separated and removed 
from the resin particles by simple operation such as, for 
example, distillation under normal pressures, distillation 

25 under reduced pressure, steam distillation, or treatment 
with gas bubbling, treatment under reduced pressure or 
treatment under heating. Particularly, the fluorinated liq- 
uid compound can be easily removed by a method 
wherein the compound is directly distilled under normal 

30 pressures or reduced pressure from the slurry after po- 
lymerization, or by a method wherein the compound is 
distilled with steam, or by a method wherein the resin 
particles are separated from the dispersion medium and 
dried under normal pressures or reduced pressure. 

35 [0088] The shape of the resin particles obtained by 
another method of the present invention vary depending 
on the kinds and ratio of the vinyl monomer and the fluor- 
inated liquid compound, on speed of polymerization re- 
action and on diameter of the resin particles. Particular- 

40 |y, the value of d/D is influenced by ratio of the fluorinated 
compound, and the higher ratio of the fluorinated liquid 
compound is used, the smaller value of d/D is resulted. 
[0089] For instance, resin particles satisfying the re- 
lationship: 

45 

0.4^d/DS0.8 

are liable to be obtained when 41 -220 parts by weight, 
50 preferable 50-200 parts by weight of a fluorinated liquid 
compound is used for 1 00 parts by weight of a vinyl mon- 
omer. 

[0090] Resin particles satisfying the relationship: 

0.05^d/D<0.4 
are liable to be obtained when 250-2,000 parts by 
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weight, preferably 300-1 ,800 parts by weight of a f luor- 
inated liquid compound is used for 100 parts by weight 
of a vinyl monomer. 

[0091 J The diameter D of the resin particles can be 
optionally controlled by controlling mixing condition of 
the monomer composition and the hydrous medium, ra- 
tio of the dispersion stabilizer, etc., stirring condition, 
dispersion condition, and the like. 
[0092] The diameter D of the resin particles is option- 
ally selected in accordance with their use, and said di- 
ameter can be controlled in a range of 0.1-500jxm ac- 
cording to another method of this invention. 
[0093] Since each of the resin particles of the present 
invention has spherical surface at least one side of the 
boundary line, the resin particles have characteristics of 
the spherical particles, for example, optical characteris- 
tics, such as excellent light scattering properties, light 
condensing properties, etc., friction characteristics such 
as slip properties, etc., while the normal disc-shaped 
particles, flat particles, plate-shaped particles, wooden- 
bowl-shaped particles having no boundary line and par- 
ticles having horseshoe shape in a section do not pos- 
sess such characteristics. 

[0094] Further, since each of the resin particles of the 
present invention is formed with two surfaces, it has 
large specific surface area, and accordingly surface re- 
activity and ability for carrying functional substance, etc. 
of the particles are increased. And, since each particle 
is not spherical, not only the resin particles of this inven- 
tion have specific optical characteristics which cannot 
be expected for the known spherical particles, but also 
chemical characteristics resulted by surface modifica- 
tion and physical characteristics such as flow properties, 
etc. of the resin particles of this invention are improved. 
[0095] Furthermore, since each of the resin particles 
of this invention has a boundary line, the number of par- 
ticles per unit weight is large in comparison with non- 
spherical resin particles having no boundary line, for ex- 
ample, hemispherical, rugby ball shaped, wooden-bowl 
shaped and go stone shaped particles which have been 
reported. 

[0096] Therefore, the resin particles of the present in- 
vention exhibit sufficient effect with a small amount of 
combination when the particles are used in a product for 
external use. 

[0097] Particularly, the resin particles of Type A exhib- 
it more excellent optical characteristics than go stone 
shaped particles, each of which is similar to particle of 
Type A but has no boundary line. 
[0098] The resin particles of Type B exhibit more ex- 
cellent adherability than hemispherical particles, each 
of which is similar to particle of Type B but has no bound- 
ary line. 

[0099] And further, the resin particles of Type C have 
larger specific surface area and exhibit more excellent 
ability for carrying functional substance and more excel- 
lent optical characteristics than wooden-bowl shaped 
particles, each of which is similar to particle of Type C 



16 

but has no boundary line. 

[0100] As mentioned in the above, the resin particles 
of the present invention can be suitably used in the fields 
of electronic industry, adhesive, medical treatment, cos- 
5 metics and other general industries. 

Best mode for carrying out the invention 

Example 

10 

[0101] The present invention is explained by Exam- 
ples in the following, but this invention is not limited by 
these Examples. 

15 Example 1 

[0102] A dispersion medium consisting of magnesium 
pyrophosphate (20g) produced by double decomposi- 
tion and water (200g) was introduced in separable flask 

20 (500ml), and sodium lauryl sulfate (0.25g) was dis- 
solved in the medium. On the other hand, a monomer 
composition was obtained by mixing homogeneously 
methyl methacrylate (MMA) (90g), dimethyl polysi- 
loxane (viscosity 1 000 cSt at 25 °C ) (10g) and2,2'-azo- 

25 bis(2,4-dimethyl valeronitrile) (0.3g) and added to the 
above dispersion medium. The mixture was finely dis- 
persed by mixing with homomixer (ULTRA TURRAX T- 
25, manufactured by IK A) at 10,000 rpm for about 10 
seconds. 

30 [0103] An agitating element, a thermometer and a 
cooler were installed in a flask, and the flask was placed 
in a water bath at 60°C. The air in the flask was suffi- 
ciently replaced with nitrogen gas, and polymerization 
reaction was carried out under heating with stirring at 

35 200 rpm for 1 0 hours. 

[0104] After confirming the completion of the polym- 
erization reaction, the reaction mixture was cooled, and 
the dispersion agent was decomposed by adding hydro- 
chloride to the slurry until pH became about 2. The par- 

40 tides produced were collected by suction filtration using 
a Buchner funnel equipped with a paper filter, and the 
particles were washed with deionized water (1 .2 liter) to 
remove the dispersion agent. 

[0105] The cake after suction filtration was dried and 
45 dispersed in cyclohexane. Suction filtration was repeat- 
ed several times to give the objective resin particles. The 
shape of thus obtained particles was observed by an 
electron microscope and photographed. 
[0106] As shown in the electron micrograph (Figure 
50 4), the each resin particle has a shape classified in Type 
B wherein one surface is flat. 

[0107] Fifty particles were optionally selected from 
those in the photograph, and diameter of each particle 
was measured and average of the particle diameters 
55 was calculated. Further, 20 particles belonging to a 
range of each 30% upper and under of the particle di- 
ameter were selected, and the diameter D of each par- 
ticle, the maximum height d of each particle, the maxi- 
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mum distance from the boundary line to each surface a 
and b were measured. The mean values d/D and a/b 
were calculated and the following results were obtained. 

D = 6.2u.m 



the resin particles was formed with two convexly curved 
surfaces and had a shape classified in Type A. The val- 
ues of their D, d/D and a/b were as follows, respectively. 

D = 7.4u,m 



d/D = 0.54 



d/D = 0.67 



10 



a/b = 0 



a/b = 0.13 



Example 2 

15 

[0108] Resin particles were obtained in the same 
manner as Example 1 with the exception that the dime- 
thyl polysiloxane was replaced with dimethyl polysi- 
loxane having viscosity of 10 cSt at 25°C. As shown in 
the electron micrograph (Figure 5), each of the resin par- 20 
tides was formed with two convexly curved surfaces 
and had a shape classified in Type A. The values of their 
D, d/D and a/b were as follows, respectively. 

25 

D = 5.5fim 
d/D = 0.77 

30 

aJb = 0.19 

Example 3 

35 

[0109] Resin particles were obtained in the same 
manner as Example 1 with the exception that the dime- 
thyl polysiloxane was replaced with liquid paraffin hav- 
ing viscosity of 130 cSt at 25°C. Each of the resin par- 
ticles was formed with two convexly curved surfaces *o 
and had a shape classified in Type A. The values of their 
D, d/D and a/b were as follows, respectively. 

D = 5.9u.m 45 



d/D = 0.60 

50 

a/b = 0.28 

Example 4 

[0110] Resin particles were obtained in the same 55 
manner as Example 1 with the exception that the dime- 
thyl polysiloxane was replaced with hydrogenated poty- 
butene having viscosity of 1,000 cSt at 25°C. Each of 



Example 5 

[0111] Resin particles were obtained in the same 
manner as Example 1 with the exception that MMA was 
replaced with styrene (80g), the amount of 2,2'-azobis 
(2,4-dimethyl valeronitrile) was changed to 2.0g and the 
amount of dimethyl polysiloxane was changed to 20g. 
[0112] As shown in the electron micrograph (Figure 
6), each of the resin particles was formed with a con- 
vexly curved surface and a concavely curved surface 
and had a shape classified in Type C. The values of their 
D t d/D and a/b were as follows. 

D = 11.8jim 



d/D = 0.66 



a/b = 0.13 

Example 6 

[0113] Resin particles were obtained in the same 
manner as Example 5 

with the exception that styrene was replaced with vinyl 
pivalate, the amount of 2,2 , -a2obis(2,4-dimethyl 
valeronitrile) was changed to 0.3g. 
[0114] Each of the resin particles was formed with a 
convexly curved surface and a concavely curved sur- 
face and has a shape classified in Type C. The values 
of their D, d/D and a/b were as follows. 

D = 8.5u,m 



d/D = 0.46 



a/b = 0.15 
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Example 7 

[0115] Resin particles were obtained in the same 
manner as Example 1 

with the exception that the dispersion medium (200g), 
in which magnesium pyrophosphate was dispersed, 
was replaced with a dispersion liquid consisting 10% 
dispersion liquid (100g) of tri-calcium phosphate and 
deionized water (100g), the amount of MMA was 
changedto 80g andthe amount of dimethyl polysiloxane 
was changed to 20g. 

[01 1 6] Each of the resin particles was formed with two 
convexly curved surfaces and had a shape classified in 
Type A. The values of their D, d/D and a/b were as f ollow, 
respectively.. 



d/D = 0.58 



a/b = 0.75 



Example 1 0 

[0121] Resin particles were obtained in the same 
10 manner as Example 8 with the exception that dimethyl 
polysiloxane was replaced with methyl phenyl polysi- 
loxane having viscosity of 100 cSt at 25°C. 
[0122] Each of the resin particles had a shape classi- 
fied in Type A, and their values of D, d/D and a/b were 
15 as follows, respectively. 



D = 7.1 u,m 



D =6.5u,m 



d/D = 0.55 



20 



d/D = 0.53 



a/b = 0.15 

Example 8 

[0117] Resin particles were obtained in the same 
manner as Example 1 with the exception that the 
amount of MMA was changed to 80g and the amount of 
dimethyl polysiloxane was changed to 20g. 
[0118] As shown in the electron micrograph (Figure 
7), each of the resin particles was formed with two con- 
vexly curved surfaces and had a shape classified in 
Type A. The values of D, d/D and a/b were as follows, 
respectively. 



25 



30 



35 



a/b = 0.88 

Example 11 

[0123] Resin particles were obtained in the same 
manner as Example 8 with the exception that dimethyl 
polysiloxane was replaced with methyl hydrogen polysi- 
loxane having viscosity of 20 cSt at 25°C. 
[0124] Each of the resin particles had a shape classi- 
fied in Type A, and their values of D, d/D and a/b were 
as follows, respectively. 

D =4.5jam 



D =4.5u,m 



d/D = 0.52 



40 



d/D = 0.53 



a/b = 0.55. 



a/b = 0.72 



45 Example 12 



Example 9 

[0119] Resin particles were obtained in the same 
manner as Example 8 with the exception that the vis- so 
cosity of dimethyl polysiloxane was changed to 100 cSt 
at 25°C. 

[0120] Each of the resin particles had a shape classi- 
fied in Type A, and their values of D, d/D and a/b were 
as follows, respectively. 55 



[0125] Resin particles were obtained in the same 
manner as Example 8 with the exception that the vis- 
cosity of dimethyl polysiloxane was changed to 
1 ,000,000 cSt at 25°C. 

[0126] Each of the resin particles had a shape classi- 
fied in Type A, and their values of D, d/D and a/b were 
as follows, respectively. 

D = S.Oum 



D ~4.8u,m 
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d/D = 0.40 



a/b = 0.93 



a/b = 0.44 

Example 13 

[0127] Resin particles were obtained in the same 
manner as Example 8 with the exception that dimethyl 
polysiloxane was replaced with liquid paraffin having 
viscosity of 100 cSt at 25°C. 

[0128] Each of the resin particles had a shape classi- 
fied in Type A, and their values of D, d/D and a/b were 
as follows, respectively. 



Example 16 

5 

[0133] Resin particles were obtained in the same 
manner as Example 8 with the exception that MMA was 
replaced with styrene and the amount of 2,2 , -azobis 
(2,4-dimethylvaleronitrile) was changed to 2.0g. 
io [0134] Each of the resin particles had a shape classi- 
fied in Type A, and their values of D, d/D and a/b were 
as follows, respectively. 

D = 5.5u.m 



D = 7.3u.m 



d/D = 0.50 



d/D = 0.65 



20 



a/b = 0.93 



a/b = 0.67 

Example 14 

[0129] Resin particles were obtained in the same 
manner as Example 8 with the exception that dimethyl 
polysiloxane was replaced with hydrogenated poty- 
butene having viscosity of 1 ,000 cSt at 25 Q C. 
[01 30] Each of the resin particles had a shape classi- 
fied in Type A, and their values of D, d/D and a/b were 
as follows, respectively. 

D = 11.3u.rn 



Example 1 7 

[0135] Resin particles were obtained in the same 
manner as Example 1 with the exception that the hom- 
omixer " ULTRA TARRAX T-25 M manufactured by IKA 
was replaced with U TK homomixer" manufactured by 
Tokushu Kika Kogyo and that number of rotations was 
changed to 500rpm. 

[0136] Each of the resin particles had a shape classi- 
fied in Type A, and their values of D, d/D and a/b were 
as follows, respectively. 

D = 105u.m 



30 



d/D = 0.75 



a/b = 0.98 

Example 15 

[0131] Resin particles were obtained in the same 
manner as Example 8 with the exception that MMA was 
replaced with trifluoroethyl meth aery late. 
[01 32] Each of the resin particles had a shape classi- 
fied in Type A, and their values of D, d/D and a/b were 
as follows, respectively. 

D = 10.1u.rn 



d/D = 0.60 



d/D = 0.46 

40 

a/b = 0.80 

Example 1 8 

45 

[0137] Resin particles were obtained in the same 
manner as Example 8 with the exception that the 
number of rotations was changed to 20,000rpm. 
[0138] Each of the resin particles had a shape classi- 
50 fied in Type A, and their values of D, d/D and a/b were 
as follows, respectively. 

D = 0.8|am 

55 

d/D = 0.63 
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a/b = 0.72 
Comparative Example 1 

[0139] Resin particles were obtained in the same 
manner as Example 1 with the exception that dimethyl 
polysiloxane was replaced with dimethyl polysiloxane 
having viscosity of 0.65 cSt at 25°C. The resin particles 
were spherical particles having average particle diame- 
ter of 14.3p.m. 

Comparative Example 2 

[0140] Resin particles were obtained in the same 
manner as Example 1 with the exception that the 
amount of MMA was changed to 99. 5g and the amount 
of dimethyl polysiloxane was changed to 0.5g. The resin 
particles were spherical particles having average parti- 
cle diameter of 8.1p.m. 

Comparative Example 3 

[0141] Resin particles were obtained in the same 
manner as Example 8 with the exception that dimethyl 
polysiloxane was replaced with dimethyl polysiloxane 
having viscosity of 0.65 cSt at 25°C. The resin particles 
were spherical particles having average particle diame- 
ter of 5.5um 

Comparative Example 4 

[0142] Resin particles were obtained in the same 
manner as Example 8 with the exception that the 
amount of MMA was changed to 30g and dimethyl 
polysiloxane was replaced with liquid paraffin(70g) hav- 
ing viscosity of 1 30 cSt at 25°C. The resin particles were 
wooden-bowl-shaped particles having unclear bounda- 
ry line between the two curved surfaces and having av- 
erage particle diameter of 1 8.3um. 

Comparative Example 5 

[0143] Resin particles were obtained in the same 
manner as Example 13 with the exception that the 
amount of MMA was changed to 72g and ethyleneglycol 
dimethacrylate (8g) was used as a crosslinking agent. 
The resin particles were somewhat distorted spherical 
particles having average particle diameter of 6.8u/n. 

Comparative Example 6 

[0144] Resin particles were obtained in the same 
manner as Example 1 with the exception that the 
amount of MMA was changed to 20g and the amount of 
dimethyl polysiloxane was changed to 80g. The resin 
particles were distorted spherical particles having aver- 
age particle diameter of 35u.m. 



Example 19 

[0145) Resin particles were obtained in the same 
manner as Example 1 with the exception that the 
5 amount of magnesium pyrophosphate was changed to 
5g and the amount of sodium lauryl sulfate was changed 
to 0.04g. 

[0146] Each of the resin particles had a shape classi- 
fied in Type B, and their values of D, d/D and a/b were 
10 as follows, respectively. 

D=14.4u.m 



d/D = 0.62 
a/b= 0 

20 

Example 20 

[0147] Resin particles were obtained in the same 
manner as Example 1 with the exception that the 
25 amount of MMA was changed to 50g and the amount of 
dimethyl polysiloxane was changed to 50g. 
[0148] Each of the resin particles had a shape classi- 
fied in Type A, and their values of D, d/D and a/b were 
as follows, respectively. 

D = 1.2um 



d/D = 0.15 



a/b = 0.65 



[01 49] A dispersion medium consisting of magnesium 
pyrophosphate(5g) produced by double decomposition 
as a dispersion stabilizer and water(200g) was intro- 

45 duced in a separable flask(500ml), and sodium lauryl 
sulfate(0.04g) as a surface active agent was added and 
dissolved in the medium with stirring. 
[0150] On the other hand, a monomer composition 
was prepared by mixing homogeneously styrene (50g), 

so ethyl perfluorobutyl ether (C 4 F 9 OC 2 H 5 , viscosity : 0.4 
cSt at 25°C, surface tension : 13.6 dynes/cm at 25°C, 
density : 1 .43g/ml at 25°C, boiling point : 78°C, content 
of fluorine : 64.8 wt%)(50g) as a liquid compound and 
2,2 , -a20bis(2 l 4-dimethyl valero nit rile) as a polymeriza- 

55 tion initiator (4.0g), and the resultant monomer compo- 
sition was added to the above dispersion medium. The 
mixture was finely dispersed by mixing with a homomix- 
er(ULTRA TURRAX T-25, manufactured by IKA) at. 



25 



35 



40 Example 21 
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8,000 rpm for about 10 seconds. An agitating element, 
a thermometer and a reflux condenser were installed in 
a flask, and the flask was placed in a water bath at 60°C. 
The air in the flask was sufficiently replaced with nitro- 
gen gas, and polymerization reaction was carried out 
under heating with stirring at 200 rpm for 20 hours. 
[0151] After confirming the completion of the polym- 
erization reaction, the reaction mixture was cooled, and 
the dispersion agent was decomposed by adding hydro- 
chloride to the slurry until pH became about 2. The par- 
ticles produced were collected by suction filtration using 
a Buchner funnel equipped with a paper filter, and the 
particles were washed with deionized water (1 .2Iitle) to 
remove the dispersion agent. The cake after washing 
was dried in an oven under normal pressures at 50°C 
for 10 hours to give objective resin particles. The liquid 
compound could be easily removed by the above drying 
operation. 

[0152] The value of D, d/D and a/b of the resin parti- 
cles were calculated, and the following results were ob- 
tained. 



10 



15 



Example 23 

[0156] Resin particles were obtained in the same 
manner as Example 21 with the exception that the ho- 
momixer was not used and the monomer composition 
was added to the dispersion medium and number of the 
agitating element in the flask was changed to 50 rpm. 
The values of D, d/D and a/b of these resin particles 
were calculated and the following results were obtained. 

D = 420um 



d/D = 0.51 



a/b = 0 

20 [0157] The resin particles obtained in the above were 
classified in Type B. 



D = 15.3p.rn 



d/D = 0.52 



a/b = 0 

[0153] Thus obtained resin particles were classified 
in Type B. The electron micrograph of the resin particles 
is shown in Figure 8. 

Example 22 

[0154] Resin particles were obtained in the same 
manner as Example 21 with the exception that the 
number of rotations of the homomixer was changed to 
25,000 rpm. The values of D, d/D and a/b of these resin 
particles were calculated and following results were ob- 
tained. 



25 
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Example 24 

[0158] Resin particles were obtained in the same 
manner as Example 21 with the exception that the dis- 
persion medium was replaced with a mixture of water 
(100g) and 10% dispersion liquid(100g) of tri-calcium 
phosphate. The values of D, d/D and a/b of these resin 
particles were calculated and the following results were 
obtained. 

D = 9.2u.m 



d/D = 0.57 



a/b = 0 

[0159] The resin particles obtained in the above were 
classified in Type B. 



D = 3.3u,m 



d/D = 0.55 



a/b = 0 



45 Example 25 

[0160] Resin particles were obtained in the same 
manner as Example 21 with the exception that the 
amount of styrene was changed to 30g and the amount 
so of ethyl perfluorobutyl ether was changed to 70g. The 
values of D, d/D and a/b of these resin particles were 
calculated and the following results were obtained. 



[01 55] The resin particles obtained in the above were 
classified in Type B. 



55 



D = 10.3p.rn 



d/D =r 0.41 
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a/b = 0.86 

[01 61 ] The resin particles obtained in the above were 
classified in Type A. The electron micrograph of these 
resin particles is shown in Figure 9. 

Example 26 



28 

Example 28 

[0166] Resin particles were obtained in the same 
manner as Example 26 with the exception that the 
5 amount of trifluoroethyl methacrylate was changed to 
1 0g and the amount of perfluorooctane was changed to 
90g. The values of D, d/D ad a/b of these resin particles 
were calculated and the following results were obtained. 



[0162] Resin particles were obtained in the same 
manner as Example 21 with the exception that styrene 
was replaced with trifluoroethyl methaclylate, ethyl per- 
fluorobutyl ether was replaced with perfluorooctane 
(C 8 F 18 , Viscosity : 0.7 cSt at 25°C, surface tension: 15 
dynes/cm at 25°C, density: 1.76g/ml at 25°C, boiling 
point: 102°C, content of fluorine 78 wt%) and the 
amount of 2,2'-a2obis(2,4-dimethylvaleronitrile) was 
changed to 0.3g. The values of D, d/D and a/b of the 
resin particles were calculated and the following results 
were obtained. 



10 

D = 2.5u.m 
d/D = 0.18 

75 

a/b = 0.75 

[0167] The resin particles obtained in the above were 
classified in Type A. 



20 



D = 8.3u.m 



d/D = 0.55 



a/b - 0.80 

[01 63] The resin particles obtained in the above were 
classified in Type C. The electron micrograph of these 
resin particles is shown in Figure 10. 

Example 27 

[0164] Resin particles were obtained in the same 
manner as Example 26 with the exception that the 
amount of trifluoroethyl methacrylate was changed to 
30g and the amount of perfluorooctane was changed to 
70g. The values of D, d/D and a/b of these resin particles 
were calculated and following results were obtained. 

D = 10.3u.rn 



Comparative Example 7 

[0168] Resin particles were obtained in the same 
25 manner as Example 20 with the exception that the 
amount of styrene was changed to 80g and the amount 
of ethyl perfluorobutyl ether was changed to 20g. The 
resin particles have average particle diameter of 22.5u.rn 
and have plural cavities. 

30 

Comparative Example 8 

[0169] Resin particles were obtained in the same 
manner as Example 1 9 with the exception that ethyl per- 
35 fluorobutyl ether was replaced with n-hexane having vis- 
cosity of 0.65 cSt at 25° C. The resin particles are porous 
particles having average particle diameter of 28.1p.m. 

Comparative Example 9 

40 

[0170] The procedure of Example 26 was repeated 
with the exception that the amount of trifluoroethyl meth- 
acrylate was changed to 3g and the amount of per- 
fluorooctane was changed to 97g, but any resin particle 
45 could not be obtained. 



40 



45 



d/D = 0.2B 



a/b = 0.83 

[01 65] The resin particles obtained in the above were 
classified in Type A. The electron micrograph of the res- 
in particles is shown in Figure 11. 



Effect of the invention 

[0171] According to the present invention, resin par- 
50 tides which have specific shapes and can be suitably 
used in a wide range of fields such as electronic industry, 
adhesive, medical treatment, cosmetics and other gen- 
eral industries. 

[0172] Further, a simple and convenient method for 
55 preparing the above resin particles is also provided by 
this invention. Particularly, by using a hydrophobic fluor- 
inated liquid organic compound, the operation for treat- 
ing the liquid compound during the preparation of the 
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resin particles, solubility of the liquid compound in the 
polymerizable vinyl monomer and operation for washing 
the polymerization apparatus are improved; the liquid 
compound can be removed by a simple method such as 
distillation or drying without using troublesome means 
such as washing with a solvent; as well as the quality of 
the resin particles can be improved. 



in each particle satisfies the relationships: 



0.3gd/D^0.8 (III) 



a/b=0 (IV M ) 



Claims 



4. 



Resin particles each of which has two surfaces 
composed of two curved surfaces or of one curved 
surface and one plane surface, has a boundary line 
between the two surfaces and satisfies the relation- 
ships: 



0.t^im^D^500p.m 



0.05^d/D^0.8 



(I) 



(II) 



wherein D is the particle diameter in horizontal di- 
rection and d is the maximum height in longitudinal 
direction in a side view in which the boundary line 
is placed in horizontal direction. 

The resin particles according to claim 1 , wherein 
each particle has two surfaces composed of two 
curved surfaces and these curved surfaces are con- 
vexly curved surfaces. 

The resin particles according to claim 1 , wherein 
each particle has two surfaces composed of one 
curved surface and one plane surface and the 
curved surface is a convexly curved surface. 

The resin particles according to Claim 1 , wherein 
each particle has two surfaces composed of two 
curved surfaces, in which one is a convexly curved 
surface and another is a concavery curved surface. 



5. The resin particles according to claim 1, 2 or 4, 
wherein each particle satisfies the relationships: 



10 



15 



7. 



20 



25 



wherein a and b are each the maximum distance 
from the boundary line to each surface in a side view 
in which the boundary line is placed in horizontal 
direction, provided that a=0 and a<b. 

The resin particles according to claim 1 or 2, where- 
in each particle satisfies the relationships: 



0.1^d/D^0.8 



0.3^a/b^1.0 



(V) 



(VI) 



wherein a and b are each the maximum distance 
from the boundary line to each surface in a side view 
in which the boundary line is placed in horizontal 
direction, provided that 0<a^b. 



8. A method for preparing the resin particles according 
to any one of Claims 1 to 7, which is characterized 

30 by that the resin particles are prepared by suspen- 
sion polymerization. 

9. The method according to Claim 8, which is charac- 
terized by that 5 to 200 parts by weight of a hydro- 

35 phobic liquid compound which does not co-polym- 

erize with a polymerizable vinyl monomer and has 
viscosity of 10-1,000,000 cSt at 25 °C are mixed 
with and dissolved in 1 00 parts by weight of the vinyl 
monomer, and the mixture is subjected to suspen- 
se sion polymerization in the absence of any crosslink- 
ing agent. 

10. The method according to Claim 9, wherein the hy- 
drophobic liquid compound is a polysiloxane or a 

45 hydrocarbon. 



11. The method according to Claim 10, wherein the 
polysiloxane is one or more selected from dimethyl 
polysiloxane, methyl hydrogen polysiloxane and 

50 methyl phenyl polysiloxane. 

12. The method according to Claim 10, wherein the hy- 
wherein a and b are each the maximum distance drocarbon is one or more selected from liquid par- 
from the boundary line to each surface in a side view affin, polybutene and isobutylene. 

in which the boundary line is placed in horizontal 55 

direction, provided that 0<a<b. 13. The method according to any one of Claims 9-12, 

wherein the hydrophobic liquid compound is re- 
6. The resin particles according to Claim 1 or 3, where- moved after the suspension polymerization. 



0.3^d/D^0.8 
0<a/b<0.3 
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14. The method according to Claim 13, wherein the hy- 
drophobic liquid compound is removed by distilla- 
tion or washing with a solvent in which the hydro- 
phobic liquid compound is dissolved but the resin 
particles are not dissolved. 5 

15. The method according to Claim 8, which is charac- 
terized by that 41-2,000 parts by weight of hydro- 
phobic fluorinated liquid compound which does not 
co-polymerize with a poiymerizable vinyl monomer 10 
and has viscosity of 0.1-9 cSt at 25°C are mixed 
with and dissolved in 1 00 parts by weight of the po- 
iymerizable vinyl monomer, and the mixture is sub- 
jected to suspension polymerization in the absence 

of any crosslinking agent. 15 

16. The method according to Claim 15, wherein the hy- 
drophobic fluorinated liquid compound has boiling 
point at 25-200 °C under 1 atmospheric pressure. 

20 

17. The method according to Claim 15 or 16, wherein 
the hydrophobic fluorinated liquid compound is a 
saturated hydrocarbon or ether in which the hydro- 
gen atom(s) is (are) partially or wholly substituted 
with fluorine atom(s) and fluorine content is 30-90 25 
% by weight. 

18. The method according to any one of Claims 15-17, 
wherein the hydrophobic fluorinated liquid com- 
pound is removed by distillation or drying after the 30 
suspension polymerization. 

19. The method according to any one of Claims 8-18, 
wherein a slight water-soluble inorganic compound 

is used as a dispersion stabilizer in the suspension 35 
polymerization. 

20. Resin particles obtained by a method according to 
any one of Claims 8-19. 

40 
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Fig. 1 



Fig. 2 



Fig.- 3 
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Pig. 4 



Fig. 5 
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Fig. 6 
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